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SPRAY COATING DEVICE. 

The present Invention relates to a spray coating device, hereafter spraycoating 
apparatus, defined in the preamble of claim 1 and a to a spraying method to spraycoat the 
front/rear sides of circular objects with coating material. * 

These circular objects Illustratively are arbitrary wheels and vehicle wheel rims. In 
particular the present.lnvention relates not only to coating the front (outer) sides of wheels and 
rims. Wheels and rims require substantially higher coating quality and coating life at their outer 
sides than at their rear sides. 

The coating material may be liquid coating, in particular vamish, or preferably it may be 
coating powder. 
State of the Ait. 

US patent 4,357,900 shows a spraycoating apparatus automatically controlling 
spraycoating in particular with coating powder. 

Spray devices may be spray heads or spray guns fitted with a sprayhead at their front 
end. The coating material spray head may comprise a spray nozzle or a rotary element. Spray 
devices comprising a rotary element comminuting coating powder is known from US patent 
6,353,995. Moreover rotary elements atomizing liquid coating materials are known in the state 
of the art. 

Two procedures are known to spraycoat the front (outer) side of vehicle wheel rims, 
one of which is illustrated in the appended Figs.1 and 2 and the other in the appended Rgs. 3, 
4. I 

In schematic cross-section and in sideview. Rgs. 1 and 2 respectively show a conveyor i. 
chain 2 of an overhead conveyor moving two sets each of two superposed rims transversely 
to the spray jet 6 from spray guns 8, 9, 1 0, 1 1 through their spray zone, while the spray guns 
8, 9, 1 0, 1 1 are moved up and down between the solid lines and the dashed lines shown in Rg. 
1 . The rims 4 are suspended in such manner from the conveyor chain 2 that their center line | 

i 

1 4 is substantially horizontal and that the front outer rim side 1 6 faces the spray gu ns 8, 9. 1 0, 1 

i 

i 
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1 1 . Each spray station is fitted with a post 1 8 along which each time two spray guns 8,9 or 1 0, 
11 are moved up and down by an omitted drive means. The posts 18 are stationary in the 
longitudinal direction of the conveyor chain 2. In similar manner, the spray guns 20. 22 are 
displaceable up and down along a post 24 to coat the rear side of the rims 4. This known 
apparatus incurs the drawback of requiring much powder because a large proportion of this 
powder is sprayed past the rims. Another drawl>ack is that the rim Is unequally covered by the 
powder coats on it. Rim surfaces projecting onto the spray jet accept more coating powder 
than rim surfaces recessed from it (shadow side effect). The rim flange receives too much 
coating powder Coating powder sprayed on the rim will sink, and therefore the lower rim zone 
collects more of it than the upper zone. This known procedure offers the advantage that 
several for instance two rims can be coated simultaneously at each spray zone. Therefore a 
large number of rims 4 can be coated even at low speeds of the conveyor chain 2. 
Consequently, after spraying the coating material onto the rim, advantageously an oven baking 
said deposited material may be short. 

Fig. 3 is a sideview , Rg. 4 is a topview. and Fig. 6 is a cross-section along the plane 
V-V of Fig. 3, of a known spraycoating apparatus spraying coating powder on the front sides 
of vehicle wheel rims. This apparatus contains a floor conveyor 32 fitted with sequentially 
mounted motor-rotated spindles 34 each supporting on its upper receiving surface 33 one of 
the rims 4 of which the front (outer) side points upward. Illustratively four spray stations, each 
of which is fitted with two spray guns 38, 39 that are mounted diametrically opposite to each 
other above a rim in irrotational manner and pointing vertically downward in order to spray 
coating powder onto the upward facing front side 16 of the rim 4 configured underneath while 
the spindle 24 rotates jointly with the rim 4 about a vertical axis of rotation 40 as regards the first 
two spray stations in one direction of rotation 42 whereas rotating in the last two spray stations 
In the opposite direction of rotation 43. The center axis of the rim 4 is vertical and aligned vwth 
the axis of rotation 40 of the spindle 34. Further spray devices 42 are used to coat the reverse 
side of the rims 4. In one embodiment mode, the floor conveyor operates intermittently. 
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stopping while the rims are being coated. In another embodiment mode, the floor conveyor Is 
continuously moving past the stationary spray guns even when the rims are being coated. The 
drawbacks of these known embodiments are as follows: rapid soiling of the floor conveyor and 
powder aggregation on the top support surface 33 of the spindles 34 supporting the rims cause 
the rims 4 to be electrically insulated from electrical ground. As a resuK the action of the high- 
voltage electrostatic field typically generated by one or more high voltage electrodes of the 
spray guns 38. 39 is much reduced. Therefore the floor conveyor 32 and the spindles 34 must 
be cleaned frequently. To prevent or at least to reduce coating powder penetration into the 
floor conveyor 32 at the spindles 34. excess air pressure must be generated within a housing 
44 protecting said conveyor. Ambient dust settling on the rims 4 degrades coating quality. 
Because the rims 4 on the floor conveyor 32 can only be configured and coated sequentially, 
speed of conveyance must be doubled if the same number of rims are to be coated as in the 
known apparatus of Figs. 1 and 2. This feature entails the further drawback that an oven 
baking the coating powder onto the rims 4 must be substantially longer than in the apparatus 
of Figs. 1 and 2. On the other hand the apparatus of Figs. 3 through 5 offers the advantage 
over that of Figs. 1 and 2 that it allows the coating powder to better enter rim recesses and 
offers reduced shadow side effect. 

The objective of the present invention is to create apparatus and a method attaining 
improved coaling quality and requiring less coating material. Moreover, while using less 
equipment, the Invention allows simultaneously coating several objects atone coating station, 
whereby, at low object-conveyor speed, many objects can be coated in a short time, and only 
a comparatively short oven shall be required to bake the coated ot^'ects. 

These problems are solved by the present invention by the features of Its claim 1 
Accorclingly the present invention relates to coating apparatus spraycoating the 
front/rear sides of circular objects, in particular the front and rear sides of wheels and rims with 
a coating material while the objects rest on a conveyor, sakJ apparatus being characterized in 
that it comprises a post fitted with at least one power takeoff element rotatable about an axis 
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of rotation and at least one drive element to rotate to-and-fro the minimum of one power takeoff 
element about a predetermined angle of rotation; further comprising one spray device holder 
element per power takeoff element, said holder element comprising a rear holder end as seen 
in the direction of spraying and irrotationally connected or connectat>le to the power takeoff 
element and at least one front holder element end as seen in the direction of spraying and 
connected or connectable to at least one spray device, the front holder end being radially offset 
form the axis of rotation, as a result of which, jointiy with the spray device and its spray jet. It 
is rotatable to and fro about the power takeoff element's axis of rotation by the predetermined 
angle of rotation, the object to be coated on ihe other hand being configured opposite the spray 
device and being Irrotational. 

Moreover the objective of the present inventton Is attained by a method defined in the 

claims. 

Accordingly the objective of the present Invention is also attained by a method to 
spraycoat the firont and rear sides of circular objects. In particular of wheels and rims, with 
coating material which is sprayed by means of at least one spray device onto the front side 
while the ol^ject is being carried by a conveyor, said method being characterized in that the 
minimum of one spray device is displaced to and fro along a circular path by a predetermined 
angle of rotation about an axis of rotation, this spray device being configured at a 
predetennined radial distance from the axis of rotation, in that the coating material is sprayed 
by the spray device on the front side of the object during the circular to-and-from motions and 
in that in the course of spraying, either the minimum of one spray device is moved at the same 
speed as the objects in the object direction of motion parallel to said objects, or the objects and 
the minimum of one spray device are kept immobile (stationary) in the direction of conveyance. 

The dependent claims define further features of the present invention. 

The invention is elucidated below by means of illustrative embodiment modes shown 
In the appended drawings. 



wo 2005/058508 



PCT/IB2004/004145 



5 

Fig. 1 is a cross-section in the direction of object motion of a powder spraycoating 
apparatus of the state of the art. 

Fig. 2 is a cutaway sideview of the spraycoating apparatus of Fig. 1 of the state of the 
art. . 

Fig. 3 is a sideview of another embodiment mode of a powder spraycoating apparatus 
of the state of the art, 

Rg. 4 is a topview of the spraycoating apparatus of Rg. 3, 

Fig. S is a cross-section in the plane V-V of Fig. 3 of the spraycoating apparatus of the 
state of the art. 

Fig. 6 schematically shows a preferred embodiment mode of a spraycoating apparatus 

of the present invention to spraycoat front/rear sides of circular objects in the form of vehicle 

wlieel rims, seen in the objects' direction of motion, 

Fig- 7 schematically shows a front side elevation of a rim of Fig. 6, 

Fig. 8 schematically shows a topview of the spraycoating apparatus of the present 

invention shown in Fig. 6, 

Fig. 9 schematically shows a circular to-and-fro motion over approximately 180'' of two 

spray devices of the Invention during spraying, 

Fig- 10 schematically shows a circular to-and-fro motion of another emijodiment mode 

of the present invention over approximately 360° during one spraying procedure, 
Fig. 11 is a longitudinal section in the plane XI-XI of Fig. 6. and 
Fig. 12 schematically shows as sideview of a further spraycoating apparatus of the 

invention. 

The present invention relates to spraycoating apparatus to spraycoat the front/rear sides 
16 of circular objects 4 with coating material while the objects 4 are moved by a conveyor 
element of a conveyor in a manner that the center axis 14 of the front/rear sides 16 are 
substantially horizontal. 



wo 2005/058508 



PCT«B2004/004145 



6 

Illustratively the objects 4 are arbitrary wheels used for arbitrary purposes, in particular 
being vehicle wheel rims. The front (outer) side 1 6 of said rim contains for instance a rim bead 
seat 52 and a rim flange 54, The spraycoating apparatus of the present invention furthemnore 
allows also coating the rear (opposite) side 56 of the rims 4. However other spraycoating 
apparatus also may be used because the said rear side does not require the same high quality 
at the front rim side 18. for Instance said rear side merely requiring a spraycoating apparatus 
shown in Fig. 1 having merely spray devices 20 and 22 which are dlsplaceable up and down 
at a lift 24. The coating material may be liquid, through preferably it shall be in powder form. 
Contrary to the case of the various liquid coating material, coating powder is free or ecologically 
deleterious solvents. 

Preferably the conveyor shall be an overhead conveyor illustratively fitted with a 
conveyance chain 2 from which the rims 4 are suspended for instance by suspension bails 58, 
as a result of which the center axis 14 of the rims 4 is substantially horizontal. The expression 
"substantially horizontal' means that the center axis 1 4 should be aligned horizontally as closely 
as possible, preferably not being off by more than 20 from the horizontal, othennnse unequal 
distances from the spray devices coming into play. 

The invention comprises at least one. preferably two supports 60 (for instance posts, 
wails or rot>ots) eacK supporting one or preferably two or more vertically superposed motor- 
rotated power takeoff elements 62, 63 respectively 64, 66 each having a substantially horizontal 
axis of rotation 66 and being rotated to and fro through a maximum angle of rotation of 180 
by a drive element as indicated schematically in Figs. 6 and 8 by a double arrow 67/68. The 
drive element for the power takeoff elements 62, 63. 64 and 65 may either be each power 
takeoff element with its own drive element 70 or a joint drive means 72 may be used for every 
two or more power takeoff elements 62. 63 or 64. 65. The joint drive means 72 illustratively 
may be mounted on or in a foot element 74 of the support 60. During the spraycoating 
operation, the axis of rotation 66 is approximately aligned with the center axis 14 of the coated 
rim 4- 
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One spray device holder 76 is provided for each power takeoff element 62, 63. 64, 65 
and comprises one rear holder end 78 tnrotationally connected or connectaWe to a particular 
power takeoff element 62, 63, 64. 65 and two front holding ends 84 and 86 that are connected 
or connectable to a spray device 80, 81. The two front holding ends 84 and 86 of the spray 
device holder 76 are offeet radially and in equal amounts relative to the rear holding end 78 and 
to the axis of rotation 66 of the associated power takeoff element 62. 63. 64, 65. as a result of 
which they and the two spray devices 80, 81 can be arcuately rotated to and fro through a 
maximum angle of rotation of 180' relative to the spray jet 6 of said spray devices about the 
axis of rotation 66 of the associated power takeoff element 62, 63, 64. 65. 

Fig. 7 shows the front side of the rim 4, and schematically the two spray devices 80 and 
81 of one of the power takeoff elements 62, 63. 64, 65 and the an-ows 67 and 68 denoting the 
to-and-fro rotations each no more than 180^ Both spray devices 80 and 81 are simultaneously 
rotated by about 180'' in the direction of rotation 97 and then simultaneously by about 180* in 
the opposite direction of rotation 68. 

In a preferred embodiment mode of the present invention, the angle of rotation of the 
spray devices 80 and 81 about the axis of rotation 66 of the associated power takeoff element 
62, 63. 64, 65 is each less than 1 80" however it Is large enough that the spray Jet cross-section 
6-1 of the spray device 80 and the spray jet cross-section 6-2 of the particular other spray 
device 81 shall partly overlap In the reversed positions of direction of rotation as shown 
schematically in Fig. 9. This feature offers tiie advantage ttiat even in the reversed positions 
of direction of rotation, the coatings attained shall not be thicker than, but uniformly as thick as 
at the other sites of the front side 16 over which tine spray devices 80 and 81 are being moved. 

In the preferred embodiment of the present invention, the centers of the reversed 
positions of direction of rotation of the spray devices 80 and 81 of each spray device support 
76 are situated In a theoretical and approximately horizontal plane situated in ttie horizontal axis 
of rotation 66 of the particular associated power takeoff element 62, 63, 64. 65 and being radial 
to sakJ axis of rotation 66 vi/hile subtending an angle witii a horizontal direction between 0* and 
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no more than 30', preferably about 0". At 0* the two spray devices 80 and 81 are situated next 
to each other horizontally in the same theoretical plane relative to the center axis of their spray 
jets 6 as shown in topview in Fig. 8. In corresponding manner, Rg, 9 shows the two spray , 
devices 80 and 81 in ah intermediate position rotated 90* on the path of rotational displacement 
between the two reversal positions of direction of rotation. 

The expression "approximately horizontal" in relation to a prefenred embodiment of Fig. 
9 means that the plane may deviate from the horizontal direction at least in one of the two 
rotational end posrtions, or in both the rotational end positions, of the two spray devices 80 and 
81 of a spray device holder 76 to an extent that the spray jet cross-sections 6-1 and 6-2 shall 
at least partly overiap in the reversal positions of direction of rotation. 

When coating with coating powders, a few powder particles will always drift down. In 
order to attain nevertheless tiie same coating ttiickness at the lower rim half as on the upp^r 
one, less coating powder per unit time may be fed to the spray device 80 or 81 coating the 
lower rim half than to the spray coating 81 or 80 coating the upper rim half. 

If a spray device holder 76 is fitted with only a single spray device 80 (or 81), then the 
angle of rotation about the horizontal axis of rotation 66 shall be at most 360°; or. in relation to 
Fig. 1 0, somewhat less if the sprayjet cross-section 6-1 only partly overiaps itself in the reversal 
position of the direction of rotation. 

As regards the prefenred embodiment mode shown in Figs. 6. 7, 8 and 9, each support 
60 comprises two vertically superposed power takeoff elements 62, 63 or 64, 65 having 
mutually parallel axes of rotation 66. as a result of which two rims 4 can be coated 
simultaneously at each support 60. Two of the four axes of rotation 66 are situated vertically 
one above tfie other and two are horizontally next to each other. Illustratively two rims at one 
support 60 may be coated a first time and two rims at the other support, that were already 
coated once, may be coated a second time. 

An electroniccontrol unit 90 automatically controls the starts/stops of the circularto-and- 
fro motions of the power takeoff elements 62, 63, 64, 65 and hence also of tine spray devices 
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80 and 81, further stops/starts of the spraying procedures (coating material spraying) as a 
function of the speed of conveyance of the conveyor 2 and also depending on a rim being 
present before the spray devices 80. 81 . Preferably the rims 4 are moved by the conveyor 2 
at constant speed in the horizontal direction 92 transversely through the spray jet region of the 
spray devices 80 and 31 . While the spray devices 80 and 81 are spraying coating material onto 
the rim 4. the supports 60 run at the same speed (synchronization) parallel to the conveyor 
chain of the conveyor 2. At the end of spraying, the supports 60 move paraDel to the conveyor 
chain 18 opposite said chain's direction of motion to return into their Initial positions. The 
control unit 90 also automatically controls this back-and-forth motion of the supports 60. For 
this purpose the supports 60 are preferably carriages or slides that are displaced by an omitted 
drive means parallel to the conveyor chain 2. 

in order that rims of different widths always be the same distance from the spray device 
80 resp. 81. advantageously the following shall be adjustable into different positions: the 
support 60, and/or the spray devices 80, 81 relative to the support 60, and/or the spray device 
rest 76 and/or the power takeoff elements 62. 63, 64, 65 each relative to the support 60 
transversely to the direction of conveyance 90 of the conveyor chain 2, as indicated 
schematically in Fig. 6 by the arrows 92. Such adjustments may be automatically controlled 
by the control unit 90 as a function of the dimensions and shapes of the wheels or rims 4. 
Manual adjustment also is feasible in a simple mode of implementation. 

According to Rgs. 6 and 8, the spray devices 80 and 81 also may be configured in 
relation to the direction of the spray jets 6 horizontally and parallel to the axis of rotation 66 of 
the power takeoff element 62. 63. 64, 65, or obliquely to said axis of rotation 66, foir Instance 
obliquely outward. In this manner the wheels and rims 4 exhibiting different diameter sizes and 
furthermore front/rear sides which point radially or obliquely Inward can be coated intensively, 
for Instance the rim flange 52. In a preferred embodiment mode, the spray devices can be 
adjusted in variable manner In their direction of spraying relative to the support 60. 
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The spray device 80 respectively 81 may be a spray nozzle or a rotary atomizing head 
or preferably a spray device (spray gun) fitted at its front end with such a spray gun or a rotary 
atomizing head for coating material and in a rear housing segment comprising fluid conduits 
for coating material and compressed air and preferably also a high-voltage generator. In many 
cases an integrated or external high voltage generator Is provided to electrostatically charge 
the coating material using one or more high voltage electrodes so that this material shall be 
electrostatically attracted by the object (rim 4) at electrical ground. 

The spray device holder 76 may be an additional component, or consist of a component, 
for instance a housing of the spray device 80. 81. 

In ail embodiment modes of the present invention, the angle of rotation of the rotational 
displacement of one or more spray devices 80 or 81 about the axis of rotation 66 of a power 
takeoff element 62. 63. 64 and/or 65 also may be larger than the said 1 80^ or 360''. When said 
angles of rotation are larger than 360', in particular larger than 720\ problems may be incunred 
if supply conduits (coating material, compressed air, electrical cables) of the spray devices 80. 
81 are wound onto or unwound from the spray device holders 76, or precautionary measures 
must be taken. 

Two approaches may be used that the spray jets 6 be pointed at the rims 4 but not into 
the gaps between the rims. The preferred approach is to operate the conveyor chain 2 
continuously and to move the supports 60 synchronously with the conveyor chain 2 during each 
spraying procedure, the supports 60 thereafter being returned opposite the direction of advance 
of the conveyor chain 2 into their initial positions. In the other approach, the conveyor chain 2 
runs intermittently and spraying shall only take place when the conveyor chain 2 is stopped and 
a rim 4 is in a position opposite the spray devices 80 and 81 which are not displaced in the 
tongltudinal direction of the conveyor chain. 

In the embodiment mode of the present invention shown in Fig. 12, a floor conveyor 96 
is used instead of an overhead conveyor having a conveyor chain 2, the objects 4 being 
configured In irrotational manner on said floor conveyor whereby their center axis 14 is vertical. 
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The minimum of one power takeoff element 62 of a support 60 is configured in a way that its 
axis of rotation shall be vertical. The axis of rotation 66 is kept aligned with the center axis 14 
of the particular object to be coated during spraying. For that purpose either the floor conveyor 
96 may be moved intemilttently in the conveyance direction 97 and the support 60 may be Tixed 
In this direction; or the floor conveyor 96 may move continuously in the conveyance direction 
and the support 60 may move synchronously with the floor conveyor and then may be moved 
back after each spraying procedure as indicated by a double arrow-98. Another double arrow 
99 schematically shows ways of adjusting the support 60 and/or the spray device holder 76 and 
or the spray devices 80 and 81 in the longitudinal direction of the axis of rotation 66 of the 
power takeoff element 62 and hence transversely to the floor conveyor 96. Othen«nse the just 
above cited embodiment mode exWbits the same features and variations as were also 
discussed in relation to Figs. 6 through 11. 
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